Advanced imaging of cellular signaling events.
Cells continuously communicate with the surrounding environment employing variety of signaling molecules and pathways to integrate and transport the information in the cell. An example of signaling initiation is binding of extracellular ligand to its receptor at the plasma membrane. This initializes enzymatic reactions leading to the formation of bi- or multimolecular signaling complexes responsible for the regulation or progress of signal transduction. Here, we describe three imaging techniques enabling detection of individual signaling molecules, their complexes, and clusters in human cells. Described imaging techniques require only basic microscopy systems available in the majority of current biomedical research centers but apply advanced data processing. First, total internal reflection fluorescence microscopy (TIRFM) variant of wide-field fluorescence microscopy for imaging highly dynamic clusters is described. Second, superresolution localization microscopy techniques-photoactivated localization microscopy (PALM) and stochastic optical reconstruction microscopy (STORM)-recently enabled to achieve higher resolution with precision limit of about 20 nm in fixed samples. The developments toward live cell superresolution imaging are indicated. Third, raster image correlation spectroscopy (RICS) employed for molecular diffusion and binding analysis explains the advantages and hurdles of this novel method. Presented techniques provide a new level of detail one can learn about higher organization of signaling events in human cells.